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“System of Air Quality, Weather Forecasting & Research”

Operational Air Quality Forecasting System for India Metros
Novel program of Govt. of India

Development of early warning system for Air Quality, Weather &
UV related information, its up to 3 day advance forecast and
associated advisories for the benefit of society.

DELHI (2010), PUNE (2013), MUMBAI (2015)

AHMEDABAD, CHENNAI, KOLKATA
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SAFAR- SYSTEM COMPONENTS

1 OBSERVATIONAL NETWORK

Air Quality & Weather Monitoring

FORECASTING MODEL

AR QUALITY
FORECAST

- RORE
MODELING i
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Supercompter ,

Air Quality & Weather Forecasting

EMISSION INVENTORIES

Total BC Emission in Pune Region (From Transport)
( At 1.67 km Resolution)

.........

Accounting sources of pollution

COMMUNICATION MEDIA

attach and heart attacks
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Increased significantly
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Translate Data in to Information



SAFAR-India: FOUR CORE COMPONENTS

OBSERVATIONAL NETWORK

Monitor Air Quality & Weather Parameters at strategically
selected locations

PM10, PM2.5, PM1, 03, CO, NOx, CH4, VOCs, SO,, BC, Hg, Rainfall,
Temperature, Humidity, Wind speed, Wind direction, UV Radiation

EMISSION INVENTORIES
Accounting sources of pollution

Total BC Emission in Pune Region (From Transport)
oooooooooo

Identify air pollution hot spots over city, crucial input for
forecasting model
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FORECASTING MODEL

Develop capacity to predict air quality 1 to 3 days in

ARQUALITY e rueg -
advance

FORECAST %OBEQAST”
NODELNG | T 4
Supercomputer” .

OUTREACH

Convert science in to Information
Developed concept of Air Quality Index (AQl) and UV Index (UVI)

........
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SAFAR SYSTEM DEVELOPMET ror METROPOLITAN REGIONS

*DIFFERENT METEOROLOGICAL CONDITIONS

*DIFFERENT TOPOGRAPHY

a *DIFFERENT SOCIOECONOIC STATUS
1. Practical

2. Technical
3. Scientific
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*VARIOUS MICROENVIRONMENTS

*DIFFERENT EMISSION SOURCES
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A CRITICAL AUDIT PROTOCOL-

QUALITY CONTROL AND QUALITY ASSURANCE

It is an essential step performed by the scientist of IITM before
releasing the air quality data to public

¥ NON-SCIENTIFIC AUDIT: FULL SYSTEM BY EXTERNAL AGENCY -ISO
¢ TECHNICAL AUDIT: INSTRUMENTAL HEALTH AND CUMMUNICATION
€ SCIENTIFIC QA & QC: OPERATIONAL SAFAR TEAM OF SCIENTISTS

Model Data
Server

< ECONOMIC YIELD AUDIT

AIR QUALITY INFORMATION FOR PUBLIC WITH HEALTH ADVISORIES



SITE SELECTION: IDENTIFY MICRO ENVIRONMENT
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OBSERVATIONS: Date Quality Control & Quality Check
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v Quality codes

A datais build of a value and a quality code.
The value comes from the physical measurement.
The quality code is set to the measurement by the acquisition system according to information relating to the state of the sensor or measurement, but it may be modified by the operator
according to information provided by the system.
1 N o -0 NN || i Rl | o | The quality codes managed by the application are described in the following table:
T o Code Name Origin Explanation

Ap p |yi n g Qu a | ity COd e A Usable Acquisition System Data considered to be usable without any reserve.
0 Corrected Operator Modification of the value by action of the operator.
Reconstituted Operator Entry or recalculation of the value by action of the operator.
P InDrift Acquisition System On observation of a drift at the end of an operation of calibration.
L\ Waning Acquisition System On detection of conditions questioning the quality of data. This code is
present only on not validated data. After validation, it is replaced by
the code A (Usable).
B Anomaly Acquisition System When apart of scans, lower than the rate of representativeness, is

absent. This code is present only on not validated data. After
validation, it is replaced by the code A (Usable).

v e
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= — 1. I Invalid Operator Data considered as invalid, following checking.

IR N 5 1 T T . 0 T T She

o G D In Failure Acquisition System On detection of a faulty material operation.

Er —— T .
CLEORT TR M In Maintenance Acquisition System / Operator By indication of an on site operator.
- Z InZero Acquisition System For the data gathered during a calibration zero phase.

C In Span Acquisition System For the data gathered during a calibration span phase.
N Not Acquired Central System For data not vet acquired.
X# Stop Acquisition System For data acquired during a period where the process is stopped. When

33% of the avergae is in Stop, the mean will be in Stop. This code is
only available by data over encoding.

V* Stand-by Acquisition System In case of equipment in stand by.
G* QOut of range Acquisition System Data out of analyzer range.
H* QOut of field Acquisition System Data out of QAL validity field.

*Available for system SAM 6.0 and more
Datacoded A, O.R. P, W or B are considered as valid and thus usable for calculations, diffusion, or utilisation by alert engines.
All other data s not used.

WorkSiaion v 6.1 et 6.2 €is€o vendredi 13 mars 2013

Analyzers



Quality Assurance & Quality Check Continued......

Identification of Problem on
time : Assure data quality

ssing  Options 7
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T Measurement site Status ]

T [Reports

Metropolitan Air Quality & Weather Torecasting Services
Air Quality Monitoring Network - SAFAR - Pune

e N F {35435 km Domair )
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Data loss is prevented and data quality is assured by instrument calibration ,

File Maintenance Data acquisition

Measurement site Status : AQMS9_MANJRI
Configuration

Display

General
Information

| Measurement site
Status

] Intemal variables ] Channels ]

=y~

[ Location”
Site # 1229 Implantation Zone Address Defense Institute of Advance
I.e_gf\_nology [DIAT)
NO: “ i'
A%
_— _— preeeyew|  [ReRvee
NO_VSI NO2_VSI  NOX_VSI Co_vsl CO2_¥Sl  PM10_VSl  PM25_VSI 03_vsl
6897033  3.791268 10.6883 0 209.0896  47.87628  14.46455  21.20295
CBH_VSI  ETHYL_VSI fPXYLEN_VE IXYLENE_VE  C7H_VSI WW_VSI DV_VSI TC_VSI
DO o 227 2593
4 »
Category Channel Label N
Channel failures MPXYLEN_\| D Failure : Last P2 with D [failure) quality code
Device failures MPXYLEN_\| ALGE : General alarm
Channel failures OXYLENE_%|D Failure : Last P2 with D (failure] quality code
Device failures OXYLENE_%|ALGE : General alaim
Channel failures C7H_VSI D Failure : Last P2 with D [failure) quality code
Device failures C7H_VsSI ALGE : General alarm

04/07/201313:58:29 |13:58:29 | 04/07/2013 13:00:20 OFF line
Measurement site Status : AQMS1_ITM o] @ (==
File Maintenance Data acquisition Configuration Display
General Information "4995&1{9’7_75” €12 Intemal variables Channels
Status
Short name. [[1D_# [ Channel name [ Par... | Model and trademark___| Channel, ~ | | C3ibration informations
NO_IITM 1 ND NO  AC 32M Envionnement.. TCP | o
NOZ_IITM 2 ND2 NOZ  AC 32M Environnement... TCP Next calbrationin|  D. and
NOX_IITM 3 NOX NOX  AC 32M Environnement... TCP 5  ——
CO_ITM 5 oo CO CO12M Envionnemen.. TCP |- Ladicalbaton daie
PMI0_IITM 6 PMID PM10  PM 101M (10) Environn...  TCP
DV_IITM g  wD DV WXT510Vaisala ANA P el i
WITM 9 ws W WXTS10 Vaisala ANA
HFZITM 0 RH HR  WKT510Vaisals ana L (e e e s esor s I
RS_ITM 12 SR RS WXT510Vaisala ANA
TC_IITM 13 TC TC WXT510 Vaisala ANA Last calibration result in phase C (ppb) l—
BENZENE_IITM 18 BENZENE CEHE  VOC 71M Envionneme...  TCP ibrati W —
TOULENE ITM 13 TOLUENE C7H8 VOC 71M Envitonneme. . TCP pest csinslionesltinphese (beb) r
ETHYLB_IITM 20 ETHYLBENZENE C8.. VOC 71M Environneme... TCP b Last calibration result in phase 4 (ppb) l—
] i C Last calibration result in phase 5 (ppbl | |
Failures ][ Internal states ] Alarms T Calibrations T Digital failures

Extemal Failures

<undefined>

~Intemal Failures

LSSi - SCAN uoper limit overrun Failure in oroaress
VPSP SCAN slope overrun failure in proaress
VPSI: STAN steadiness failure in roaress.

ELISI. SCAN lower limit overrun failure in proaress

1~ Last measured results

Last Scan value (ppb) [2.143635 [A°
Last P2 value (ppb) [2137565 [&

Countdown

Pre-heating duration left

04/07/2013 13:56:44

13:56:44 | 04/07/2013 13:45:20

OFF line

Review and Audit, Online monitoring and Data validation




EMISSION INVENTORY DEVELOPMENT

Identification of sources, generating unavailable data involves extensive field

survey

EMISSION INVENTORY Mega Campaign

Efforts of more than 200 students — to collect unique region specific dataset

TRANSPORT SECTOR

*Vehicle Density count on
roads
*Fuel type used, VKT
*Road length
*% of paved and unpaved
roads
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*Type of industries
*Fuel type used
*Fuel consumption
*NO. of industries

*Fuel consumption pattern
Total consumption of fuel
*Hour of cooking
*No. of slum pockets

*Fuel consumption

pattern
*Total consumption of fuel
*Hour of cooking
*No. of Hotels &
Restaurants




Real data : Need has been fulfilled

18/05/2012




Real data : Need has been fulfilled
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AIR POLLUT

ON HOT SPOTS

Relative Contribution of PM10 Emission from
Different Sectors in Delhi-NCR-Regions

NCR-Delhi: PM10 INVENTORY for 2010

26%

1 1 1

1

L 1 1

1

28°20'0"N 28°25'0"N 28°30'0"N 28°35'0"N 28°40'0"N 28°45'0"N 28°50'0"N 28°55'0"N 29°0'0"N
1

Total PM10 Emission in Delhi- NCR- Region

(At 1.67km Resolution)
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Quantify the contribution of

various

Emission sources
(transport, industries, energy
and bio-fuel)
in deteriorating air quality and
climate.

Work towards unified country
specific chemical-climate
prediction system through
observations
and modeling capabilities.



Coupled Regional-Urban-line source

C's and BC's (Me

NCEP GFS/ ECMWF

Biogenic (MEGAN)
and Anthropogenic

(PREP_EMIS)

IC’s and BC’s

Chemical

MOZART

modelling system

WREF-
CHEM

3D weather and
Chemical transport
model

Area and point sources

WS,WD,T, P, PBL etc

Line sources (Traffic)

7\

AERMOD

(Urban)

CAR-FMI

(Line source)

CTotal = CReional + CUrban + CRoad

Predicted
concentrations

03, NOx, PM10,
PM2.5




IMPROVE FORECASTING SKILLS

Fastest super , | .| Coarse Domain
computer in Pune '

Fine Domain

T s 53
Mumbai




SAFAR- Delhl FORECAST Model
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Boundary Conditions
CHEMISTRY & METEOROLOGY

LINK=$(wget "http://ows-server.iek.fz-juelich.de/MACC_fnyp_fc-3hourly_ModelLevel? http://www.nco.ncep.noaa.gov/pmb/products/gfs
service=WCS&Request=getcoverage&version=1.1.2&BoundingBox=40,-10,130,60,urn:ogc

:def:crs:0GC:2:84&format=application/x-netcdf&store=true&identifier=MACC_20130301" - . .

O - | grep "xlink:href=" cut - 2 -d\") Run Stars at 12:12 PM, Runtime:21Hrs, Final Output: 10:00 AM

wget ${LINK

#!/bin/bash

macc (cpems
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In Focus: User Workshop
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About NCMRWF Events / Workshops

Not Available

Products

Observation Monitoring Report

Observed Rain

Reports
NCMRWF Model Data
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Citizen Charter e
Results Framework Document (RFD) Vil TourDetats
Vacancies b Other Links

Recruitment Results

Telephone Directory




Awareness

Sharing Knowledge with
Citizens /Students,....



401-500

SEVERE

VERY POOR

POOR

MODERATE

Air Quality Index (AQl) is a rating scale used for reporting the
quality of air we breathe in and the associated health effects

AQl mmm) Health Advisories

Health
Warnings
of emergency

Triggers health alert,
everyone may experience

more or serious health effects

Unhealthy for sensitive groups. Members
of sensitive groups may experience health
effects. Children and adults who are active
outdoors and people with respiratory disease are
at greater risk. for most of the public where everyone

Air quality acceptable for general public;
however, for some pollutants there may be a moderate
health concern for a very small number of people. Unusually
sensitive people should consider limiting prolonged outdoor stays.

Portion of Population affected

v
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Convert science in to common language —
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, Colours, Cartoons

Issue advisories based on data

COMMUNICATION MEDIA

WEB-PORTAL
safar.tropmet.res.in

TOLL FREE NO.
1800 180 1717

AR ¥
oo IR AL

Dzone
Mitrogen GOuide 9%
Carbon Monouide il 101

LED SYSTEM

SAFAR

System of Air quality-Weather
Forecasting And R

L
Know Quality of Air you Breathe

MOBILE APP

Digital Display Boards SAFAR-AIR

il ALERT FOR EXTREME AIR POLLUTION AND WEATHER CONDITION




“Mobile App” Released on 17t Feb 2015 (14000 downloads so far)

SAFAR-AIr

MOBILE APP

SAFAR

Sys‘u,‘m of Air quality-Weather
Forecasting And Research

Know Quality of Air you Breothe

GRS ST S T L VI W

(Data on your tips)

- Moderate Poor

Health Advisory: Sensitive people may experience health;
effects. The general public is less likely to be affected. Y (e

- Moderate Poor

Health Advisory: Sensitive people may experience health;
effects. The general public is less likely to be affected. Morelinfol
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Cities AQl Refresh About Close



/ Hyderabad BU¥¥ Unhealthy
Chennai 1 ¥4’ Unhealthy

A v

POLLUTION
TERROR

AIR QUALITY INDEX

POLLUTION
TERROR

AIR QUALITY INDEX

PM2.5

Delhi  Delhi £ 71§ Very Poor
Tomorrow 438 Poor Tomorrow JEX 3 Very Poor

Pune Moderate Pune 206 1
Tomorrow Moderate Tomorrow |4 &% Poor

; SAFAR @MoES-NTM-IMD (10 stations)

Source: SAFAR@MOES-HTM-IMD (10 tations)

Hyderabad B U1/ Unhealthy

Source: US Embassy website
Based on 1 Station Data Per City at 7pm
US Embassy uses a different AQI rating than India

Chennai ) '8 Unhealthy

Kol Very Kolkata Very
- 219 Unhealthy Unhealthy
Mumbai | Y-8 Unhealthy Mumbai  pLT¥ Unhealthy

| 2
Source: US Embassy website
Based on 1 Station Data Per City at 7pm
US Embassy uses a different AQI rating than India
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AIR QUALITY INDEX

PM2.5

Tomorrow i1
Pune

Tomorrow 411 B Poor
Source: SAFAR @MoES-IITM-IMD (10 stations)

Very Poor

Hyderabad B {38 Unhealthy
Chennai 1 ¥1 B Unhealthy
Kolkata i3 VUnhealthy
Mumbai | ¥/ Unhealthy

Source: US Embassy website
Based on 1 Station Data Per City at 7pm
US Embassy uses a different AQI rating than India

BITES

AIR QUALITY INDEX
sy Very Poor

Tomorrow ¥ V.

Pune

Tomorrow £11 8 Poor

Very Poor

Kolkata ¥’ ' V Unhealthy

Mumbai jE:{' B Unhealthy

Source: US Embassy website
Based on 1 Station Data Per City at 7pm
US Embassy uses a diferent AQI rating than Inda

28-Dec-2014

29-Dec-2014

30-Dec-2014

31-Dec-2014

Sources SAFAR @ MOES-IITM-IMD (10 stations)
Chennai | YA Unhealthy




WORLD METEOROLOGICAL ORGANIZATION
GLOBAL ATMOSPHERE WATCH

GAW Report No. 217

SYSTEM OF AIR QUALITY FORECASTING AND RESEARCH
(SAFAR-INDIA)

Lead author
Gufran Beig
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Metropolitan Air Quality and Weather Forecasting Service

SAFAR-Master Control Center, IITM, Pune

Date: 15-01-2013 Time: 12:00

SAFAR
Puneri-AIR 1
NETWORK ‘

= . 'Google earth

SAFAR D
SERVER‘ SAFAR WEB -~
~ SERVER STREAMING MASTER-EL AQMS SERVER" "%,

SERVER ” Quality Control - m
Desk ,
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_ DIGITAL DATA WAREHOUSE

EVECAEN A | Atmospheric Pollution & Climate Change

SAFAR-Pune Implemented on
1t May 2013

http://safar.tropmet.res.in/cityname
e http://envis.tropmet.res.in

Numerical Data Base
* Non- numerical Data Base
* Descriptive information

* Air Quality Online
e GIS-Based visualization
* AQ Extreme Events
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